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(54) Method for producing ceramic diaphragm structure 



(57) A method for producing a ceramic diaphragm structure, includes: superposing a thin ceramic green sheet 
having at least one layer on a ceramic green substrate having at least one window portion and at least one layer so 
as to cover the window portion to obtain a unitary laminate; and firing the unitary laminate so that a diaphragm portion 
has a protrusion toward a side opposite to the window portion; wherein the ceramic green substrate and the ceramic 
green sheet satisfy the formulae: 

1 ) S(substrate) - S(sheet) > -0.08 {T7o(substrate) - T7o(sheet)} - 1 



2) 0 < T7o(substrate) - T7o(sheet) S 300 

and 

3) S(substrate) - S(sheet) <. 20 

( S(substrate). and S(sheet) denote shrinkage rates (%) of the ceramic green substrate and the ceramic green sheet, 
respectively. T7o(substrate) and Tyolsheet) denote mid-sintering temperatures (°C) of the ceramic green substrate and 
the ceramic green sheet, respectively.) and an average sintering temperature difference, shown by the formula: 



4) ^ET7o( substrate )„/^*'x dx 



( N denotes the number of layers constituting the ceramic green substrate. T7o(substrate)n denotes a mid-sintering 
temperature ("C) of a layer positioned in number n place from the bottom of the laminate in the ceramic green substrate 
having the ceramic green sheet thereon, t^ and tn.^i denote distances from a lower and an upper surfaces, respectively, 
of the layer positioned in numbers n place to a neutral line of the substrate after firing the unitary laminate, with putting 
- for a surface under the neutral tine and + for a surface over the neutral line.) of the ceramic green substrate is larger 
than 0. 
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Background o1 the Invention and Related Art Statement 

■ The present inver^tior. relates to a method for producing a ceramic d^phragm struct-e which is used as a consti- 

turJS; ot various .ndsot sensors piez^^ 

A ceramic diaphragm structure has a structure n ^^^''^'^^^f J"^^"^^™ to work as a diaphragm. Such a 
substrate havir^g at .east or,e window portion so as to ^^^^^^^^^^ 

ceramic diaphragm structure .s used for various l^;"^^ '^^^^^^ means, or used as a constituting 

to as a green sheet) on a ceramic green substrate (^e^einatter ref erred^^^^^^^ ^^^^^^^ 
and sublequentiv firing the lam,nate. After nm^^^^^^^^^ 

a diaphragm plate. In recent years there has been "^^^ ^J^^^^^^^^^ 8 of a substrate 2 as shown in Fig. 

portion 1 having a protmdent shape toward f f^«^^P°^"^^^J a SaSm portion 1 having a protrudent shape as 
^ so as to prevent a crack or a deprcsson .n a f.nng ^'^P J"^^^^ f '^^^^^^^^^^^ ,o a diaphragm portion having a flat 
described above can have a higher .nhcrcn, rosonanco ''^^^^^^^ ^. mechanical strength. 

Shape. Further, it Is recognized lha. « d^plungm po,l.on 9^^^^°^^^^^^^^^^^^ diaphragm portion 1 . 

and mechanical strength is not h-nde.cd upo.. -'t-ny - j^- Sels produced there are used materials for a green 

3ub=^5:^^?:=::z:^— ^ 

formulae 1). 2). and 3). 

1) S(substrate)-S(sheet)>-0.08(T7o(substrate)-T7o(sheet)}-1 



0<T7o( substrate)-T7o(sheet)s300 

3) S(substrate)-S(sheet)l20 



green substrate and a green sheet, ^ ■ ^ „^ /o/ x » atsen substrate and a green sheet independently 

lncidenta.ly,ashnnkagerate(%)meansashr^^^^^ ^^J^^^ ^^^^ 

fired at the same temperature as finng a laminate n a ^.^^ of a surface is not the direction of 

sintering speed. /-Nr.on r t;i 038 Is on the supposition that a shrinkage rate 

However, the method disclosed in Japanese Patent '^'^^^f^^.'^^^^^^^ 3'^gTeen sheet to a portion apart 

and a mid-sintering temperature of a green substra e are ^''^^Jl^^^^J^^^^^^^^^^ is caused wholly in 

from the green sheet. In this method, a ^^phragm ^truc^ure has a '-S^ J^-^^^^^^^^j, structure 3 is 

a ceramic plate including diaphragm structures.. As shown n i^^^ 5 and^^^^ P^^^^^^ ^ ^^^^^^^^^^ ^ 

constituted of a substrate 2 and a diaphragm plate ^ ^^^A plurahty o, ^^^^^^^^ 9 ^^^^^.^ 

ceramic plate 15. It is difficult to refomn the « f^.,^^ ^ too large, a diaphragm portion and/or a 

subjected to firing again v^th loading. When a load on^^^^^^^^^^ 

==rr::s==^ 
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trictive actuator, the actuator has deterioration or variance of displacement. 

Accordingly, the present invention aims to provide a method for producing a ceramic diaphragm structure, which 
can form a diaphragm portion having a protrusion toward the side opposite to a window portion of a substrate and 
which can advantageously minimize a waviness of a diaphragm structure and/or a warpage of a ceramic plate including 
diaphragm structures. 

Summary of the Invention 

According to the present invention, there is provided a method for producing a ceramic diaphragm structure, com- 
prising: 

superposing a thin ceramic green sheet having at least one layer on a ceramic green substrate having at least 
one window portion and at least one layer so as to cover the window portion to obtain a unitary laminate; and 

firing the unitary laminate so that a diaphragm portion has a protrusion toward a side opposite to the window portion; 

wherein the ceramic green substrate and the ceramic green sheet satisfy the formulae; 

1) S(substrate) - S(sheet) > -0.08 {T^g (substrate) - T7o{sheet)} - 1 
2) 0 < T7o(substrate) - (sheet) < 300 



3) S(substrate) - S(sheet) < 20 

30 ( S(substrate), and S(sheet) denote shrinkage rates (%) of the ceramic green substrate and the ceramic green sheet, 
respectively. T7(,(substrate) and T7o(sheet) denote mid-sintering temperatures ("C) of the ceramic green substrate and 
the ceramic green sheet, respectively.) and an average sintering temperature difference, shown by thefomnula 

35 M ,<ea*l 

4) r,T,o( substrate )„J^^ x: dx 

( N denotes the number of layers constituting the ceramic green substrate. T7o(substrate)n denotes a mid-sintering 
40 temperature ("C) of a layer positioned in number n place from the bottom of the laminate in the ceramic green substrate 
having the ceramic green sheet thereon, tp and tn+i denote distances from a lower and an upper surfaces, respectively, 
of the layer positioned in numbers n place to a neutral line of the substrate after firing the unitary laminate, with putting 
- tor a surface under the neutral line and + for a surface over the neutral line.) of the ceramic green substrate is larger 
than 0. 

<s According to the present invention, there is also provided a method for producing a ceramic diaphragm structure, 

comprising: 

superposing a thin ceramic green sheet having at least one layer on a ceramic green substrate having at least 
one window portion and at least one layer so as to cover the window portion to obtain a unitary laminate; and 

so 

firing the unitary laminate so that a diaphragm portion has a protrusion toward a side opposite to the window portion; 
wherein the ceramic green substrate and the ceramic green sheet satisfy the formulae: 

1 ) S(substrate) - S(sheet) s -0.08 {T^q (substrate) - T7o(sheet)} - 1 
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0 < T7o(substrate) - T^olsheet) S 300 



S(substrate) - S(sheel) s 20 



5) ES ( substrate )„J^ X dx 
Preferably, a mid-sintering temperature {'C) obtained by formula 6) 



6) 



5[A„ X T7o( substrate) J /A 



(Mdanotest.enumbe.oflayerspositionedundertHeneutr~^^^^ 
L unitary laminate. A„ denotes a thickness ot a '^V^ P-^'""!^^^^^^^^^ 

substrate afterfiring the unitary laminate. temperature CO of a 

from the lower surface of the layer to the neutral line. J;°^"f^ ffj"^^^^^^^^ g,een substrate having the ceramic 
layer positioned in number n place from ^«°- f,^^^^^^ neutral line of the substrate 

sintering temperature (""C) being obtained by the formula 7) 



7) J^[B„ X T7o( sheet ) J /B 

adenotesthenumberof,ayersconst...ng^ece.^^^^^ 
rc) of a layer positioned in number n place fr^^^^^^^^^^ 

;ror.=er.:^^^^^^^^^^^ 

B denotes a thickness of the diaphragm plate_ ) stabilized zirconia. completely stabilized zirconia. alumina 

having an average particle diameter of 0.05 - 1 .0 ^m. 
Brief Description of the Drawings 

FiB t a c,os= s»«ona, vlo« .hewing an ombcdiman, o. a can„,ic dlaph^gn, atruC-e having a d^ph,ag,h 
^'Rg'2Ta%°r;?Si»"raTa;g.c,va,u.so,shnn.,ga«^^^ 

^ ^r3".r::sans^°nrrrTaS:r rr;^^^^^ ™ ..^..e . .^.^ 

portion having a protrudent shape. 
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Fig 4 is a partial, cross sectional view showing an embodiment of a ceramic substrate after firing the unitary 

™i:rri~ui^^^^^^^^ 

''^ Rig. 7 is a perspective view showing a ceramic plate having a plurality of ceramic dephragm structures. 
Detailed Description of the Preferred Embodiments 

in the present invention, a ceramic diaphragm structure is produced by using a ^r^^^^^^^fl^^^ ^ ^^^"^ 
both havhg shrinkage rates and mid-sintering temperatures satisfying the following lomiulae 1). 2). and 3). 

1 ) S(substrate) - S(sheet)S - 0.08 ^^^(substrate) - T^oCsheet)} - 1 
2) 0 < T7o(substrate) - T7o(sheet) S 300 
3) S(substrate) - S(sheet) ^ 20 

rT,o(substrate)„|^*'x dx 



formula 5) should be larger than 0. 



5 ) Js ( substrate x dx 



'*''Tidentalty. S(substrate) in the fom^uta 1 ) can be calculated by the following formula 8): 



8 ) S( substrate ) =fc„' S( substrate )„/C 

unitary laminate.) T7o(substrate) can be calculated by the following formula 9): 
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9 ) T,o( substrate ) =|c„' T,o( substrate ) „/C 

,M T,o(substrate)„. C„. and C rnean as described above, Wh^^ 

S(sheet) andT7o(sheet) can be calculated in the same manne^^^ influence of a mid-sintering temperature anda shrink- 
Therelore. according to the method of the present sheet is adjusted. That ^. 

age rate of a green substrate to a green ter^perature and an 

a green substrate is constituted of a P'"f f^^^^^^^^ Singly a diaphragm portion can have a protrudent 

perature and in average shrinkage rate are calculated by formulae 4) and 5) as follows. 
Difference in average sintering temperature 

= (-60000T, - 40000T2 - 2OOOOT3 + 0T« + 6OOOOT5 + 50000T6)/2 



Difference in average shrinkage rate 

= S X [(l/2)X^]:S: + & X [0/2)X^} :«o+ S. X [(l/2)X^3:«o + 3* X [0/2)X^]iS, 

+ & X C{l/2)X^3?; + X [0/2X^312 
= {-GOOOOSt - 40000Se - 2OOOOS3 + OS* + SOOOOSe + 50000S6)/2 

calculation. . . • .^^„orat..rfi ^'C^ of a areen substrate in a portion below a neutral line of 

in the present invention, a m.d-s.nlenng temperature ( C of a Sjeen ^uDS H _^ ^.^^ enhancing a 

the substrate after firing the unitao^ laminate is preferably higher than that ot a gree 

^^^^r—fn^n^^^^^^ Of a green substrate below the neutral line aner tiring is expressed by the 

following formula 6): 

6) E,[A„ X T7e( substrate )„] /A 

denotes the number Of .avers posU^nedb^owaneut^nnea^^^ 
a unitary laminate. A„ denotes a thickness of the layer ^^^^^^ZeTre^^^^^ the layer positioned in number M 
layers constituting a substrate after firing the ""'^ary lan^mte. How^^^^ ['e tayLr to the neutral line. T,o(substrate)„ 
uL the lowest layer. A„ denotes a thic^ess ^^^^"^f 'Xw^r^ri^ layer of a substrate to the neutral 

;r^:^^^r;!a:rr;:--i:;ng^ 



7 




EP 0 813 254 A1 



formula 7): 



7) 2[B„ X T,o( Sheet )„]/B 



(L denotes the number of layers constituting a green sheet. T7o(sheet)n denotes a mid-sintering temperature ^C) of 
a layer positioned in numbern place from the lowest layer among the layers constituting a green sheet when the unitary 
io laminate is positioned so that the green sheet is disposed upside of the substrate. B„ denote a thickness of the layer 
positioned in number n place from the lowest layer among the layers constituting a diaphragm plate. B denote a thick- 
ness of a diaphragm plale 

In the present invention, a ceramic diaphragm structure is produced by using a green substrate and a green sheet 
satisfying the above condiiion. Specifically, it is produced as follows: 
is In the beginning a green substrate and a green sheet are molded. As a material of a green substrate and a green 

sheet, there may be used mulliie beryllia, spinel, titania, aluminum nitride, silicon nitride, stabilized zirconia, a partially 
stabilized zirconia alumina or a mixture thereof. Altematively, there may be used a raw material which becomes one 
of the aforemenlionod material after firing. 

Particularly, a material for a green sheet is preferably a partially stabilized zirconia, stabilized zirconia, alumina, a 
20 mixture thereol, or a raw material which becomes one of these materials after firing. More preferably, as the present 
inventor disclosed m Japanese Patent Laid Open 5-270912, there is used a material having as a main component a 
partially stabilized zirconia consisting mainly of tetragonal crystals or a mixed crystals consisting of at least two kinds 
selected from tetragonal crystals, cubic crystals, monoclinic crystals. 

A material for the green substrate is preferably the same as that of the green sheet in view of ensuring rBliability 
25 and unitary forming of the green substrate and the green sheet. Altematively, there may be used a ceramic material 
such as a glass-ceramic or cordierite. 

Incidentally, the green sheet is desirably formed with using a partially stabilized zirconia, stabilized zirconia, alu- 
mina, a material containing a mixture thereof as a main component, or a raw material wrtiich becomes one of these 
materials after firing the nnaterial having a form of powder having an average particle diameter of 0.05 - 1 .Op.m in view 
30 of mechanical strength of a diaphragm portion. 

A diaphragm plate of a ceramic diaphragm structure is preferably 30 nm or less, more preferably 3 - 20 nm. The 
diaphragm plate has a relative density (bulk density / theoretical density) of preferably 90% or more, nnore preferably 
95% or more, furthermore preferably 98% or more in view of strength, Young's modulus, or the like. 

A thickness of a substrate is not particulariy limited, and it is suitably determined depending on its use of a dia- 
3S phragm structure. However, a total thickness of a substrate is preferably 50 urn or more in order to increase an effect 
of the present invention. 

A green substrate and a green sheet can be obtained by preparing a slurry or a paste obtained by adding a binder, 
a plasticizer, a dispersant, a sintering aid, an organic solvent, etc., to the aforementioned material; molding corjstituent 
members by a conventionally known method such as a doctor blading, a calendering method, a printing method, and 

40 a reverse roll coater method; subjecting the constituent members to cutting, trimming, punching, or the like as neces- 
sary; and piling up the constituent members so as to give a predetermined shape and a predetermined thickness. 

Then, a green sheet is superposed on a green substrate so as to prepare a unitary laminate. The green sheet is 
superposed on the green substrate so as to cover a window portion formed in the green sheet. The unitary laminate 
can be obtained by heat-pressing or the like. 

45 Finally, the unitary laminate is subjected to firing so as to obtain a ceramic diaphragm structure which diaphragm 

portion has a protrudent shape toward the side opposite to the window portion formed in a substrate. Incidentally, a 
firing temperature is preferably 1200 - 1700»C. more preferably 1300 - leOO'C. 

[ Example ] 

so 

The present invention is described in more detail on the basis of Examples. However, the present inventkjn is by 
no means limited to the Examples. 

( Example 1 ) 

ss 

By a method of the present invention, there is produced a ceramic diaphragm structure having a substrate having 
two layers so as to satisfy the aforementioned formulae 1), 2). 3), and 4). 

To 100 parts by weight of a partially stabilized zirconia powder (containing 0.1 - 0.5 % of alumina) having an average 
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green sheet is superposed on the green substrate, and ^f'l^ ^^^.^'^^^^^ a ceramic - 

12 had a thickness of 10 jim after firing. „^,,,„«h tor a orssence of protrudent shape in a diaphragm. 

(subltratefn) of each layer of the green substrate. The results are also shown .n Table 1 . 
( Examples 2 - 8 ) 

of layers constituting the green substrate and the aforementioned formulae. 



so 



ss 
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( Comparative Examples 1 - 6 ) 

A ce.m,c p«e .avin, diaphragm struOures »hich / ^^i;^^^^^^ 

r=ra;rnrr;^^^^^^^ 

of layers constituting the green substrate and the aforenr^entioned formulae. 
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' ( Example 9 ) 

. A ceramic plate having diaphragm structures which substrate consists of five layers was produced so as to satisfy 
• the lormuiae 1 ), 2), 3), 4), and 5). ,^„„„ ,4iar«oiar ranninn from 0 2 to 0 8 um were mixed 

30 substrate and a mid-sintering temperature of a portion below a neutral line ot a green 
calculated on the basis of the aforementioned formulae . 

(Example 10) 

,hs green sheet had a „,id-s,n,e,ing temperature C '^^'J^ por«cn, a wav- 

r'?e?:rrerva=,rr/c^^=et^^^ 

each of layers constituting the green substrate and the aforementioned formulae. 
4S ( Comparative Example 7 ) 

ss ~bTJfth?val?b^^^^^ 

of layers constituting the green substrate and the aforementioned formulae. 
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r.;llon o, a orange o, ln«ua„ce »' = sha... As a ™su«, 
graen shaat, the adjusment mcluding a Changs ol ,he »lndo» portion ol lha substralc, and a 

1 diaphragm portion has a pro„uden1 shape ,o^,d "^e s^^P^^e udir<liaphragn, suuclurss a«e, firing can 
„avir.9SS ol a diaphragm suuctura an*o, a '"^'<''^^^^^'^,'^^Z^ as a sansor, a variance of datectioo 

ierioration or variance of displacement can be avoided. 



Claims 



A method tor producing a ceramic diaphragm structure comprising: 
superposing... caram,cg,«c,,s,»,,ha™.ga;^^^^^^^^^^^ 

s:gts::iCrnS»™:^rh:a^^^^^^^^^^ 

portion; 

wi^erein the ceramic green substrate and the ceramic green sheet satisfy the formulae: 

1 ) S(subslrate) - S(sheet) > -0.08 {l^^i substrate) - T^oCsheet)} - 1 
2) o<T7o(substrate)-T7o(sheet)<300 



3) S(substrate) - S{sheet) S 20 
, S(s.hs,«e,, and S,shee,, denora sh,.,.ge ratesj^j^^^^^^^^ 

the formula 

4 ) jcT7o( substrate ) „ J^" x 

,.aeno.es,hen„mhero,.,arc.s«„hng^o..^^^^^^^^^ 

rrrjre:=rcrhre^« 
Se%xrn=srrrr.^^^^^^^^ 

green substrate is larger than 0. 

2 A method for producing a ceramic diaphragm structure, comprising: 

supe^oslngathinceramicgreen Sheet havingatleastonelayeronaceram. green substratehaving at .east 



15 



EP 0 813 254 A1 

one window portion and at least one layer so as to cover the window portion to obtain a unitary laminate; and 
firing the unitary lanninate so that a diaphragm portion has a protrusion toward a side opposite to the window 
portion; 

wherein the ceramic green substrate and the ceramic green sheet satisfy the formulae: 

1 ) S(substrate) - S(sheet) S -0.08 {T7o(substrate) - T7Q(sheet)} - 1 

2) 0 £ (substrate) - T7Q(sheet) < 300 



3) S(substrate) - S(sheet) < 20 

( S{substrate), and S(sheet) denote shrinkage rates (%) of the ceramic green substrate and the ceramic green 
sheet, respectively. T7o(substrate) and T7o(sheet) denote mid-sintering temperatures ("C) of the ceramic green 
substrate and the ceramic green sheet, respectively.) and an average shrinloge-rate difference, shown by the 
formula: 



5) ET 



( N denotes the number of layer constituting the ceramic green substrate. S(substrate)n denotes a shrinkage rate 
(%) of a layer positioned in number n place from ttie bottom of the laminate in the ceramic green substrate having 
the ceramic green sheet thereon. X^, and t^.^, denote distances from a lower and an upper surfaces, respectively, 
of the layer positioned in numbers n place to a neutral' line of the substrate after firing the unitary laminate, with 
putting-for a surface under the neutral line and + for a surface over the neutral line.) of the ceramic green substrate 
is larger than 0. 

A method for producing a ceramic diaphragm structure according to claim 1 or 2, wherein a mid-sintering temper- 
ature ('C) obtained by formula 6) 



J,[A„ X T7o( substrate )„] /A 



( M denotes the number of layers positioned under the neutral line among the layers constituting a ceramic sub- 
strate after firing the unitary laminate: denotes a thickness of a layer positioned in number n place from the 
bottom of the substrate after firing the unitary laminate. However, concerning the layer positioned in number M, 
An denotes a distance from the lower surface of the layer to the neutral line. TyolSubstrate)^ denotes a mid-sintering 
temperature (C) of a layer positioned in number n place from the bottom of the laminate in the ceramic green 
substrate having the ceramic green sheet thereon. A denotes a distance from the lower surface of the bwest layer 
to the neutral line of the substrate after firing the unitary laminate.) is larger than a mid-sintering temperature ("C) 
of the ceramic green sheet, the mid-sintering temperature {"C) being obtained by the formula 7) 



E[B„ X T7o( sheet )„/B 



( L denotes the number of layers constituting the ceramic green sheet. Tyoisheet)^ denotes a mid-sintering tem- 
perature ("C) of a layer positioned in number n place from the bottom of the laminate constituting the ceramic 
green sheet when the ceramic green sheet is positioned in the upside of the ceramic green substrate. denotes 
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a thickness of a layer positioned in number n place from the bottom of the layers constituting a diaphragm plate 
after firing the unitary laminate. B denotes a thickness of the diaphragm plate.) 

A method for producing a ceramic diaphragm structure according to any one of claims 1. 2. and 3, wherein the 
ceramic green sheet is made of a partially stabilized zirconia. completely stabilized zirconia, alumina or a nnixture 
thereof, or a raw material which become one of the aforementioned materials after being fired, any of them having 
an average particle diameter of 0.05 - 1.0 \im. 
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FIG. 3 
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FIG. 5 




FIG. 6 
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